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Via Darwin, 20’- MILAN0 

1. Dear Joshua, ' TEL. 80.668.66.677 .Bt.767. S&US. 66.917 

1 
i - -Your last letter just receiver1 .$Leanahile proofs have come of 
/ -' our aoint paper; I have aocep$ed a.11 your corrections(except a  few m inor 

ones,aid these. mainly for typographical reasons;they are morkad NO on the 
7menuscript). I ac, thefiefore sending back your pages,so- that you car, recon- 
stitiute the full m ::.nuscript ; I 'had always forgotten t,b.send the seconfl 
copy'. tie tt-r 9  t 6.t i c  t i n  al i 7  sue : I hare drop;,sd th.zll relev::nt ~‘zra.zr':~p]~ :;a 
OF !ittle- importance.1 do not think I vlfs wrong, though I certainly oversated , 
the importance of the,hypothttical model  leading to extra r‘oisson'ian varian- 
ce.Just' to explnin me  better than before with an extreme example: suppose 
you seed.108 cell 

-3' 
each from a p.arallel culturn,on drug plates;and each cul- 

tuae contains 10 10 cells oYi;averzgo, 
. ..i. .- 

,i.e. of somc.peculiar type,‘siiy XEI 
snakes .or some other odd ty,)e of cells. &gp=srxBh~ Actually,their number 
will vary from cultu-.e to culture even in the most strictly identical con- 
dit ions,acco dinqto a  Poisson ;there ::,ay be cultures which have 5  snakes, 
others wh.ich have 20 etc. Su>posc,moreover,that the probability of a  normal 
cell getting r esistant is O,while snakes have a  probability OF lO$ of get- 
ting resistant by  some lamarckian mechanism. There will be  on average. 1  re- 
sistant "mutant" per cultureibut their number will vary from culture to 
culture-with a  variance hi;=her than a  Ppisson,9kmEsxBkr like a  Poisson su- 

-‘i pqr imposed on another (T\ieyman's contasiotis distribution , I think ; no,exoct 
a  :- quotz%tion at.. h.and).The scheme could be ._ \, easily extended,for instr.nce to a  

-. _  cont inuous variation of the probability of giving resistance for different 
t;;pes of xx&r orid (rare) forms.It is esscntial'th~t the odd type of cells, 
which can become resistant,are rare;otherwise the . $'wSETbiZt- per culture __ 
will show little variation from culture to culture. 

I am enclosing cultures of W  583-not checked here in the last 
.two or- -three- years,1 am M raid,but it could not improved upon l"f found unsa- 

bisf:-,ctory;I hope it will meet. your needs. 'Also enclosing stra.in 8  (@FrHyr) 
and an Fr recombinant from it x  '4 945. The latt r can be inf@&ted-but-with 

r ,, considerable difficulty;it still segrezates/!z' ce  pro;;eny. F  These strains 1) 
were promise~',months, ago,and not sent, Sorry. T!-ey stayed on my  teble and 
got lost among sheets. at Madiso 

Thank you very much for your generous of~rer donce~ning*my stay 7  
. . I shall see what I shal! be  able ,to do about improving on dates of my  coming. 

I have written to the Rockef.cller,who answered B.n an undompromising way.\HO +t 
is a  good idea,but I have nolu Toad strings to pull therc.Fulbrieht is gnothcr . 
cbance,for the journey only. . 

: I! : .~ ++.Pomerrht says he will probably come Lo‘Eprope next, autumn and rnsy be sble 
6  ., $  q.. -.to ge-; some decision at thr?t tim -c.Too many  applicants prob::bly. 
'3::. I had a  hope of restarting some cgtology,by takinS movies of 

an-,Hfr plate at the m icroscope;This projc.ct ,I . .'_ _  has to be steppe-: until Octo- 

1. 
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b?r. I hope we " ' shall be  able . to c&lEaborate on \ht b~~dloSy bcformr my  
.coming there. I have consid'cra 'le obJe'cti6'ACto lookin:; Irsyself through a  $‘ ,$ ij ! Se/ 

m icrosoopt because I get .easily,.borcdlg6t 4-t t&g idea that I m ight have a  I .I j 
camera looking for me  has ,&vi'$ed'*.& 'int c.r‘2&-t *p.ir :ri+-'; ,; 

Jinks' coming al lowed me  to restart on  the work of formal genetics of 
om.!w* *it .I,q,; $,bt9 Jest five or six weeks it has b*ycn possible to work at full 

"~1~.ft~lgl~~i~.jil;tB.o\i\&~h~.~~ had very little time  to spend in the lab.1 have often op- 
, portunitics for good technical hclp,and t.his time  it could be exploited 

completely because of Jinkst' '3 con-stant 'supervision.Some ten thousand proto- 
ti,trophs or morc‘were thus gored and the 7;ork is not-yet 'finished. The pro- 

gramme which I was thus able to set to work was Chc following : obtain, 
from Hfr x  TLBl -sugar marked 'crosses, 

Lac,Az,Ar.a(linked with TL.) 
---F-- peogeny of a.11 com%inationsl for 

Edat, and Gal (linked. to Lac,lcft of it).: TJakc 

i 
-pmer. crosses in all possible combinations~sdlocting always fsrom M -Sr x  i9C+Ss -... 

- on  m inimal [. 15  streptomycin ,bfter infectidn'with i$ of' either or both .parcnts. 
An important by-product of this rcseardh was the following.When  Gal+ 

! 
F,; recombiqants from,fifrGalt x  W  945 (Gal-F-) were selected for(th4y rir'e very 
r "i trr~,certainly bclcPnl exoc~~e~~~'~;g ,o-s.s~ibl-y much  
F  / *.- proved $0 beHfr,/no m  

rarer),HPl these reconbi:nants 
tcr w rt they were for other 'markers ! Thus,?fr 

I.., can segregate reg,ulariy,mdre--or ' less like any other locus; but it is usualll)ryx 
climinat-ed,and so are the marfers l inked with it,elimination being l.css 
hrastic,for markers mom distant from it,likc T  

$  
or Pa&. 

This prompted me  to advance the .following heory. A ‘single pointcit 
may  be a  short rcgion,but more 

I - 

-minatc!ljiE 
of-this later) of the F+ chrzt iosome is eli- 

smX;r~c.n~$~l133rtR; afr ttsclf. oen romcrc"(without any rcally“&crious. reason ,. 
at this‘timc),. If this is true,irrispective of whether an F+ or an Hfr is 
crossed to an F-, the fo"iowing oonsequcnyes would be drawn: ; :' 
1) our crosses lead to a  map  (with a-single chnomosoma):  I$-St-%6r-Gal-Lao- 
As-Ara. There arc diPPiculties of pairing especially at-‘%#a-Gal; less in the 
rest ,(sce also RothBels data,TL-supylemented.cross); pa*&$ng sarie-s signi- 

,@icently from,.line to line. . 

2) The standard ore-ss Ii-F+ x  TLB -I!'+ is consistent with this theory.The 
point left of Lac,mapped as 31' 1. ,is actual,ly the centromere,which must al- : 
ways be that of the FT parent. The best support of the theory co:ncs from ',.' 

t:-- N_swcombe and Ny)r 'f;c's data. karkhr I;Zap'as follows i &I-Xyl-Ual-S-Gal-Ara-%bn-8 
-L&T1 -DD. Onl,y double and quadruple‘crossovers between :~i and 'Cen will be  - 9  
viable.No quadruple is found;doubles show some'  slight negative interference. 

;- r. (incompletc'pairing' ?  '.. / this seems unavoidable on-& theory). Similar'results 
r..* 
&pil 

from your cross A,table 5;CSHS 1951; cross B is I?+ x‘F+.; al&o from.my cross 
pi' J  *ti 43  1950,~011~1~.~~~. 

3) Data from our JGkr Taper consistent with the thcory,assuming map  Bl(P)-: 
-Xyl-Mal-S-Cen-GaliLac-L(Ara)T. In crosses.TLBl-SrF+ x TLB,l+F-,doublc 0.0~ 
necessary,. in region Z&&x& right of. 'Cen for recombination of La.c or Gal; 
therefore very'nrrre (rarity acce'ntuatcd by pairing t-rotibles); 

ct?: 1  $lorc ia.ta caaie from. F+xF+ crosses .in'the-.M-Sr programme.ker'e;both ; 
F+xF+ and Hf&F+ are bett‘er than F+xF- or HfrEF- erossas;y' ieldsare as high ' 

I: - or,higher. than F+x'F- or HfrxF- crossis,and klimination or' pairing troubles 
seem smaller. -This 'is,I thihk,thi-best p'oint now available for Qostzygotic 

-:. :_ f elimihationffiEtir. Since an HfrxF+ or F+xF+ dross work-s with less elimina- 
. 

e 
.- 
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1 j tion than whcn/Bke parent ~~t,ing Bs F-, the ;pngi,usibn seems unescapable 
/ " that elimination must be postaygotid ani/?x e consequences of the interaction 
1" 1 bet+ecn the two parental eentromcres,unless One assumes that the F- parent 

'@vokes the form-ation of gametes mikbrxe fron! the F‘+ strain,whioh have lost 
/  l s~gmcnts,while.the F+ do not. Possibly,infection of‘the F-(centrom:re,if 
'I* 
i ” one Issumcs F and Rfr occupy the same locus) and eli.mination of the F+ 
kd,. i' centromcrcfand linked marker's which have not crossed over) are strictly 

. correlated. These conclusions may be affected(or be'made easicr)by the 
iii I fact t>at there is here selection for the S-Yal region ,usualiy elimin&ted. 
pT :: L i Two points need consi'deration now. Is Gal of W 945,which is linked 

'[ &i 
with Hfr,thc same as Gal ? I have no Gal in my collection. From Rita,Rome, 
I'had a lambdasGal-strai % ? WI294 ;wlrjcnrkx B[~~XRP link?,-e hetween this Gal i 
(but is it a Gal ) and my Ga1,a.s w.11 as between Hfc'and.lambda being te- 

) ' 4 sttd now.If,as possible, iharx%zax lambda,and Rfr(the possible seat of F+) 
i;'. '. turn out to be closely linked, we have a region showing a high c1ir:i.n s-t ion 

and high concentration of attached viruscs,a rather unique fact which msy 
. 

L i. have some deep si$nificance. Lambda.may be able to transduce Hfr in this 
: . c&se. Perhaps you could tell me whether Gal of W 945 is allelic to Gal i 4' a,l-fl 

airmail me a safe Gal -Lambdas(be~ter if F-). 
'The second poin 4 is:how is this connected with the data from diploids? 

I have been unable to find an answer.Perha$s in tiani cases,a-k least those 
in which diploids arise,elimination extends to,S-Kal, the regions neareL$ 

L* 1, to the elirr.inated centromerc.$m The F+ centromere'is destroyed and destruc- 
tion extend 

fi 
to neighboring regions,though not regularly';the loose chro- 

mosome end( E?ken ween say*Xyl.and i2al)at'taches itself tax the (previ?usly) F- 
centromerc. But this may be day-dreaming. Another possibility is that the 
S-Cal region is actually terminal,as in your 1951,m*p,and is easily lost; 
the centromere is lost too,and this creates spurious linkage. 

Our lgI-Sr programme had bb:aen devised as a means of selectin: on one _ 
chromosome,a.nd checking what hap$ens in the othsr"'th a.71 cares givanto 

'8 viability tests etc. We found it easier toYexplain x % fi;% single chromo- 
some and assume that while selected martie,rs were ona enc. &rm:fr"e markers 
were all on the other (the right arm).We now try to dev-elop strains which 
aItn be selected bn the right arm ,allowing the left arm to segregate. This 
should help considerably'to solve the problem. In any casc,pairing seems to 
be defective in all i,.:stances tested.This creates apparent negative inter- 
ference and makes the tests for linearity ineffective. 

In view of the discrepancy between your conclusions(with FriedJ, 
and ours,1 should very muc&like to know with more detail what kin,: of 
experiments'led YOU t0 postuaate tw0 chromosomes;-they mi,yht be the same as 
our two arms. A variety of schemes= might exp1,:j.n wh;y t-f,0 cgtoloC~ic31 chro- 
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m ight segregate like a two-armed onc,in some oondit ions,a,nd no't in 
othersx ones; 

A.iftl . 01 
c 

*niQfJ@h&'possibil ity that chromosome abcra&tions increase ,iiffioultics 
E"?‘, ?2t‘.fF. 7"'.!1 4i,o.or .:;51' is no% entirely excluded. Some d.iffcrcnces between lines were noticed 

in our crosses-. On7.thc. othcr7_;han_d,t,he da-t& of th.c,:JGiG ,~apcr,should be ./,_, 
~OrIIo~yg~up, ,fy$ ohromo%omc aberrations \-.., : . . ,',. .; '.- 

I,\ 
2.BIsfore Jinks Icaves, e+& bf I thi,s m .onth~i,~e,s..~~~~,~ *‘attempt te summa- 

s'hsll let y,on. have the r,csu.~~~~:,~~~~..~~r joint ef-fset. 
th.cse dae'a.,'to" the. GJ:nct,~c$'~.~,~i&lgrccsj as. they. form 

dgnn.e >hi~? q$-iar(Er data and F+,kinetics; 
catisfactori33 wit-h., t e' rest. of .the theory, 

j! .,.,, 1  toz,,eontain soIli=j-9~~~~s0eir.al.trcublc,whioh 
of rcco&bination.,it dcscrvcs further ^ . 

m*sr urgent work,will be  overjzxt 

6aving done nothing fo$ 
withithe rest). , _.. .. 

$,' ': k: had planned an joint.pipcr,' 
the ~icro~~ology.~CongF~~s,for which we 

Iifcil rather embarrassed now that,only 
I '. 
'* 1  few diys are left for filling the,, pap. I.shall send an.unpompromising 

summary,l ike the enclosed one >:,with the proviso that if you do not feel 
likG.>joining 
script 

in such, a  papcWrqFwe_ can disjoin in timc.If you have 5  mdnu- 
.of any length wh?ch I g@ulgar$ mc.tp,rcad at the i5icrofa-to2&y Con- 

gress for you,in licu.of:.-tJl~r$?.oLc joint. paper,&* or in any other way 
pleasc.let mc  know (by:r:ct'urnl,pf,Lai-L)iS(++). . *: 

.- 
The filter arrived two'.wecks ago in.gpod conditions&It has nom 

ff: 
been welded an& we shall aoon'.=tpst.it. Thank you ver? much. _. FeJ ,.. I 

;g; '- x  &li I;: two indepsndcnt strai of.coli. B, of-diffcrent'o-ri.~in, 
I 
('1 $  . gaSc 'SaRiG rcsGlt, &OgCX+, SG,,S/&y Calcfhas too fcw.markcrs ,,ovP$i- 

1able;prcvioFs results s~o~~in~.Hfr~%f~~~$~~btfuli In some'-ooli l3,-xjKlP 
crosses unstable,.hctcrozygotes seem to form. All thcsc“intcrvarieta1 
crasscs give,somewhat cxpeetedl&.,eomplioated results. . . 

if 
( -.(++) I cannot for&see now when I-shall be  able- to write the':paper in 

cxtcnso.Perhaps just a  afay before. - i ' 
c,. 

Busily yours i ., 

._. 
.r \. 
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